Surface water quality is deteriorating due to the increase of urbanization which increases the load of stormwater and wastewater discharged into rivers. To evaluate the quality of an urban river (Annaba, northeastern Algeria), multivariate statistical analyses were applied to the physicochemical measures of 38 parameters. The application of principal component analysis and factor analysis pointed out 19 dominant components, explaining 83.40% of the variance. Reducing the amount of data will allow a reduction in the number of parameters that need to be analysed to have sufficient information on the water quality. An analysis of the statistical tools' results and effective impervious area leads to an estimation of the urbanization threshold level at which the impact on water quality occurs. Estimating the threshold of impervious areas to abide will ensure urban development while protecting the quality of water and environmental health.
INTRODUCTION
Current lifestyle has seriously affected the environment around us, speeding and destabilizing some natural phenomena. Research studies have shown that urbanization is a source of many disturbances to the natural environment (Cécile ; McKinney ; Charlotte & Boisson ), specifically aquatic environments in wet weather. Runoff conveys the accumulated pollutants in the air and on the surface as deposition during dry weather, which is the outcome of various human activities (Chocat et al. ) . In addition to dry deposits, discharges of untreated domestic, agricultural and industrial wastewaters cause changes in the various components (physical, chemical, and biological) of the receiving environment (Mulliss et al. ; Admiraal et al. ) . The amount of change is a function of several factors, the complexity of discharges, the diversity of the receiving environment, habitat and hydrological regime.
The use of multivariate statistical methods is the most appropriate tool for reducing and interpreting the measures of physicochemical water quality (Unmesh et al. ) . Statistical analysis tools, such as principal component analysis and factor analysis, have proven their effectiveness in providing very important information on the quality of water and their ability to identify the factors influencing water quality, providing management tools to find solutions to the problem of pollution (Shrestha & Kazama ) .
Ecological flow management often links the degradation of the environmental value of rivers and streams to urban land use (Walsh et al. ) . Rising impervious surfaces in watersheds has produced significant changes in the balance of both the quality and the quantity of runoff water in rivers (Brabec et al. ) , which has been a major focus of resources and ecosystem protection efforts since the early 1960s (Chabaeva et al. ) . The degradation is due to the increase in the amount of rain water, sedimentation and increased pollutant load. Many factors contribute to the quality of a stream and how it is affected by impervious surfaces (climate, geology, soils, land use, and vegetation). These variables directly affect other factors, land use and vegetation, and these two last variables are the only ones over which man has direct control. The most important is the numerical quantification of the impact of imperviousness on the quality of the stream, which is the threshold level at which the impact on the quality of the water occurs (Brabec et al. ) .
In Algeria, surface water quality is deteriorating in vitally important watersheds as a result of wastewater discharges (domestic, industrial, and agricultural) (Remini ); 80% of the urban population is connected to sewerage systems, but most treatment plants are out of order (Nait Merzoug & Merazig ). This study was carried out on Oued Boudjemaa, one of the two major streams that cross Annaba (East of Algeria). Oued Seybouse is the main river that runs through Annaba in east Algeria. These waters are seriously polluted due to discharges of untreated domestic and industrial wastewater (Rachedi & Amarchi ) . In the case of Oued Boudjemaa, it drains a pre-urban part but also the most urbanized part of Annaba city. The natural outlet of the river is the sea, and it represents a very important point for fishing and swimming, which makes the assessment of this water quality an important issue, to protect human health and the environment. In order to understand the complexity of waste and the nature and sources of pollution, multivariate statistical analysis and the rate of land imperviousness were used. No research was found of an Algerian case (at least for research that is available on the web) dealing with the impact of urban growth (in terms of impervious surface) and quality of surface water, which makes this paper the first one to address this type of problem in Algeria.
STUDY AREA AND SAMPLING POINTS
Oued Boudjemaa is situated in Annaba town (northeastern Algeria). It drains a total area of 92 km 2 , with a watershed elevation varying between 0 m and 1,000 m (sea level). Its longest channel is 12.24 km in length, and it crosses an area composed of two types of urbanization, the first being dense urbanization with steep slopes and a second part being less urbanization (peri-urban), where agriculture is the main activity. The geology of the catchment is composed of metamorphic rocks (gneiss, cipolin etc.) the surface formations consisting mainly of altered gneiss. The river bottom is at present mainly composed of alluvial deposits, quaternary and predominantly clay ( Figure 1 ).
The land-use categories are shown in Table 1 . 
Sampling
Water samples were collected from five sampling points along the urban river, during 12 months from April 2013 to March 2014. The choice was based on geographic conditions and the activities developed in these areas, taking into account the access and sampling facilities. The five sampling points and coordinates are listed as follows: 
MATERIALS AND METHODS
Registered colored glass bottles and a cooler were used to ensure the conservation of sample quality during collection and during transport to the laboratory. Multi-parameter portable meters were used for in situ measurement was used to measure the temperature, dissolved oxygen, pH, conductivity, salinity, and total dissolved solids (TDS). The flow was estimated using the method of the floating body, and turbidity was measured using a turbidimeter. The parameters analysed in the laboratory using photometry are: hardness, chemical oxygen demand (COD), total organic carbon (TOC), total inorganic carbon (TIC), total carbon (TC), K, TNB, AL þ3 , Cu þ2 , Mg þ2 , Zn, CA þ2 , OA CH 3 COOH (organic acid, acetic acid), BA C 3 H 7 COOH (butyric acid), and using colorimetric NO 3 , NO 2 , NO 2 -N, NH 3 -N, NH 4þ , NH 3þ , P 2 O 5 , PO 4 , P, Cr þ6 , CR, Mn þ2 , sulphates, and Fe 2þ . Determination of biological oxygen demand (BOD 5 ) is by measuring the difference in pressure in a closed system. To determine the suspended solids, a portion of the sample is filtered through a micro-glass filter (diameter 47 mm) and already weighed. Once the filtration is completed, the filter is dried at 105 W C and reweighed, and the weight of the suspended solids is withdrawn from the difference of weights.
Principal component and factor analysis
Principal components analysis is used to transform the original variables to new uncorrelated variables, called principal components, which are linear combinations of the original variables (Shrestha & Kazama ) . This technique provides information on the most significant parameters, describing all original variables, with minimal loss of information (Kunwar et al. ) .
Factor analysis is an interdependence technique in which an entire set of interdependent relationships is examined without distinguishing between dependent variables and independent variables. This technique is used to determine the factors that explain the correlation between a set of variables, or to identify a new, smaller set of uncorrelated variables to replace all original correlated variables, which leads to finding a set of dominant variables smaller than the original set of variables.
The main aim of the application of factor analysis is to reduce the contribution of less significant variables (Chen-Wuing et al. ), and further simplify the data structure from the principal component analysis (PCA). This objective can be achieved by the rotation axis provided by the PCA, by building varifactors (VF). Principal component (PC) is a linear combination of variables of observable water quality, while VF can include unobservable hypothetical latent variables (Kunwar et al. ) .
Total impervious areas and effective impervious areas
The interpretive approach was used to determine the percentage of total impervious area. The concept of the interpretive approach is simple: the images are processed by a human analyser. Extraction of information is done visually using image colors, texture, shape and feature context. The results of this method are very accurate but require a lot of time, which makes application difficult for large study areas according to Chabaeva et al. () . In this study, topographic maps and digital aerial orthophotography of study area were used to extract the total impervious area (TIA) by identifying the buildings, roads and various impervious areas. Assembled points of impervious area were created according to the colors of each surface, and then the surfaces were extracted. Effective impervious area (EIA) is defined according to Brabec et al. (), Brabec , which means that the water in these areas is released directly to the receiving environment, and this makes the value of EIA dependent on the drainage connection. In our case, the sanitation network maps were employed to extract EIA based on the above definition. Based on the results of multivariate statistical analysis, the dominant parameters of pollution in each sub-watershed were determined, and their origin has been deducted through the correlation between these parameters. Knowing the dominant physicochemical parameters and their sources along with estimation of TIA and EIA, the link between the rate of watershed imperviousness and water quality was established by analysing this set of data, taking into account the nature of watersheds, urban development, forest cover and riparian buffer.
RESULTS AND DISCUSSION
The descriptive statistics for the samples analysed during the study are shown in Table 2 .
Temporal variation
During the wet season the highest parameters are derived from fertilizers such as phosphorus, phosphate, nitrate, nitrite, and calcium. In the same season, leaching of urban surfaces is the source of heavy metals. Therefore the pollution sources in the wet season are generated by runoff, soil leaching (urban and agricultural), and atmospheric deposition. During the dry season the parameters related to the organic matter represent the highest concentrations as BOD 5 , TOC, and TC. The discharge of untreated domestic wastewater is the origin of these parameters (Figures 2 and 3) .
Keyser Meyer test and Bartlett test
The preliminary analyses were applied to measure their relevance to the application of PCA and factor analysis by searching for the relationship between variables. The two tests have gave meaningful results: the Keyser Meyer test KMO ¼ 0.645, and Bartlett's sphericity test showed that the observed value of chi-squared is less than the critical value for α < 0.05.
Principal component analysis
The results of PCA (Table 3) indicate that the variation of the quality water in the urban river was explained by natural sources (soil erosion), point sources and non-point sources of pollution (nutriments, organic matter, heavy metals). Twenty-nine parameters from the original 38 parameters explained 68.76% of the total variation in the quality of the water. The percentage reduction of data is by 23.68%, which means that 76.32% of data is needed to assess the quality of the water. Point 5 station is located on the positive part of the first factor (which explains 68.76%), where the nitrite shows a high correlation with Fe þ2 and Mn þ2 . This can be interpreted as the result of stream input and atmospheric deposition. Ammonia nitrogen and total nitrogen have also a positive loading on this axis and show high correlation with COD, BOD 5 , TOC, TIC and TC, which indicate that the source is the organic matter coming from the municipal effluents. These parameters also show a high correlation with hardness, K, P 2 O 5 , PO 4 , P, Mg þ2 and CA þ2 pointing to the source pollution being the fertilizers used in agriculture activities. Point 1 station is located on the negative side of first axis with the influence of only two parameters: dissolved oxygen indicating good quality of water on this side of the river (with the paucity of human activities), and copper resulting from soil leaching.
On the negative side of the second factor (which explains 20.10% of the total variance), Point 2 station is located. NO 2 -N shows a high correlation with pH, Mn þ2 and FE þ2 showing that sources of these parameters could be atmospheric deposition and soil leaching. Turbidity and suspended solids are strongly correlated (0.98), and show very high values during the wet season and low values during the dry season, which indicate that soil erosion is probably the main source of these two parameters, especially given that the watershed of Point 2 is sparsely urbanized (TIA 11.38%), which increases the solid inputs The positive side of this axis is influenced by only three parameters: chrome, zinc and flow. The origin of these parameters could be the draining of the slum (from the nature of construction materials).
The remaining two factors (factor 3 and factor 4) explain a small portion of the total variance, 6.718% and 4.423%, respectively. Point 3 station lies on the negative side of factor 3 and Point 4 station lies on the negative side of factor 4, with no main parameters that can characterize pollution in those sampling points.
The application of PCA over the whole dataset did provide very important information concerning the spatial pollution in the urban river. Spatial variation is dominated by Point 1 and Point 5 where the majority of extreme values belong. Aiming for a better understanding of pollution nature in both stations (3 and 4), PCA was applied to the temporal dataset of each station separately. It can be noticed that for Point 2 station and Point 3 the month of September explained a large portion of the total variance, 51.91% and 50.82%, respectively. The factors are influenced by the same parameters (turbidity, SS, Cr þ6 , Cu þ2 , Fe þ2 , Mn þ2 ), and this can be interpreted as the results of the first flow of pollutants after the dry season (in Algeria, the first rainfall happens in September), which come from soil leaching and stream inputs. The watersheds of the two sampling points cited above have very similar EIA rates (Point 2: EIA 6.54%, Point 3: EIA 7%). For Point 3, the variance of pollution is also influenced by NO 2 , NO 2 -N, AL þ3 , and Zn þ2 . NO 2 and NO 2 -N show a negative correlation with DCO (R < À0.643), which could indicate that the source of these parameters are atmospheric deposition, stream input, and soil leaching. The month of March explains most of the temporal variation for the Point 4 station with a percentage of 57.07%, influenced by SO 4 À and Q. The origin of these parameters is soil erosion, which can be explained by characteristics of the Point 4 watershed (EIA <10% and forest cover >90%).
Factor analysis
Factor analysis was used to amplify the role of the most dominant chemical substances previously identified in the composition of these waters. A scree plot test allowed a determination of the number of PCA factors used for applying factor analysis (FA). Two varimax factors (Table 4) were obtained by varimax rotation. The first varimax factor explains 83.399% of the variance, negatively affected by dissolved oxygen and positively (>0.7) affected by conductivity, salinity, TDS, hardness, COD, BOD 5 , TOC, TC, K, NH 3 -N, NH þ4 , TNB, P 2 O 5 , P, SO 4 À , Cr þ6 , Mg, and Ca þ2 . These parameters have natural sources (soil erosion), point sources and non-point sources of pollution (nutriments, organic matter, and heavy metals). The second varimax factor explains a small portion of the total variation, 10.871%, compared to the first factor. Nineteen parameters from the original 38 parameters explain 83.40% of the total variation in the quality of water using FA/PCA. The percentage of reduction in the data is by 50%, which means that half the initial data is sufficient to assess the quality of water.
Total impervious areas and effective impervious areas
The watershed of Point 3 is urbanized to 45% but the EIA is 7% with a covered forest of 54% while for Point 2 the watershed TIA is 11.38% with 6.54% as EIA, and 89% of the total surface as forest cover. Despite the large forest cover and the 41% riparian buffer of the Point 2 watershed, the level of water pollution is the same as a half-urbanized watershed (Point 3) with a total absence of riparian buffer. This is due to the direct discharge of untreated wastewater of the slum, which is by definition related to the EIA. The two watersheds cited above have very similar values of EIA (Point 2: EIA 6.54%, Point 3: EIA 7%), which is why they show the same level of pollution (according to the results of multivariate statistical analysis).
The results of PCA/FA showed that soil erosion and the geological nature of the traversed land can be the origin of the parameters dominating water composition at Point 4. The watershed of Point 4 represents the following characteristics: TIA of 17.82%, EIA of 9.31%, 82% forest cover, and 59% riparian buffer. The high percentage of forest cover compared to the low percentage of EIA and the existence of the riparian buffer reduced the impact of urbanization on water quality.
The watershed of Point 1 is characterized by an EIA of 1.91%, forest cover of 98% and 81% riparian buffer. The low rate of EIA has no impact on the quality of water.
The water quality at Point 5 is poor; it suffers from all types of pollution (wastewater, drainage of agricultural land, soil leaching and atmospheric deposition). The watershed of Point 5 is characterized by 19.92% of TIA, which is very close to the EIA (16.66%), forest cover up to 80%, and a total absence of riparian buffer. In this watershed, urban development has exceeded the threshold at which forest cover can address the impact of urbanization on water quality.
In this paper, the Hicks & Larson () study (quoted in: Brabec et al. ; Shuster et al. ; Elizabeth & Brabec ) was used as standard criteria for assessing the impact of urbanization on the water quality, and as a platform for estimating valid thresholds for our case. In their study Hicks & Larson () showed that there was no human impact on water quality at 4% impervious watershed surface, >50% forested land area, and >80% of the stream with a riparian buffer of 200 feet; a low level of impact at 9% impervious surface, 30-50% forest stand, and 50-80% riparian buffer; a moderate level of impact with 10-15% impervious surface, 10-29% forest stand, and 20-49% riparian buffer; and a high level of impact with 15% impervious surface, 10% forest stand, and <20% riparian buffer.
According to these results: if the EIA percentage is from 2% to 9%, with 98% of forest cover, and the riparian buffer is from 55% to 81%, there is no impact on the water quality; and if the EIA is less than or equal to 9%, and the forest cover is at 81%, the impact on the water quality is low to moderate; for an EIA from 7% to 17% and a forest cover from 53% to 80%, with no riparian buffer, the impact on the water quality is strong; for an EIA greater than or equal 6%, a forest cover of 89% and riparian buffer less or equal 41%, the impact on the water quality is also strong. Forest cover and riparian buffer play a very important role in maintaining the quality of water in a good condition, and those are determining factors in the process of reducing the impact of urbanization on the water quality, but the main factor is the rate of effective impervious surface.
CONCLUSION
The results provided by statistical tools on the physicochemical water quality of the urban river confirmed that the origin of the pollution is anthropogenic. The PCA highlighted 29 parameters defining pollution in this river and, coupling that method with factor analysis, reduced the number of dominant features to 19 parameters. Reducing the number of parameters to analyse while keeping the same amount of information is crucial in terms of saving time and funding resources.
The analysis of the statistical-tool results, TIA and EIA leads to an estimation of the urbanisation threshold level at which the impact on water quality occurs. This estimation also depends on different factors, which are the nature of the watershed, urban development, as well as the forest cover and the riparian buffer. However, the EIA rate remains the most determinant factor in the estimation of the level of the urbanisation threshold, which if respected, can be the key to better watershed management.
